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In the Next-to Minimal Supersymmetric Standard Model (NMSSM) deviations from the SM signal
strengths of the 125 GeV Higgs boson are expected, because of the mixing with the additional singlet-
like Higgs boson and/or additional decays into pairs of light particles, like neutralinos, pseudo-scalar
Higgs bosons or singlet Higgs bosons. In this paper the size of the possible deviations and their
expected correlations or anti-correlations between bosonic and fermionic final states are analyzed
using the efficient parameter scanning technique with complete coverage presented in a companion
paper. The regions of parameter space with correlated or anti-correlated deviations of the signal
strengths are identified.
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I. INTRODUCTION
After the discovery of the 125 GeV Higgs boson [1, 2] deviations from SM expectations were found, e.g. in the γγ
decay, which led to speculations about new physics.[3–12] However, with higher statistics the measurements became
consistent with SM predictions, although the errors are still significant.[13] In supersymmetric extensions of the
Standard Model (SM) one expects one of the light Higgs bosons to have SM-like couplings and branching ratios.[14–
17] In this paper we study in detail what kind of deviations from SM-like signal strengths one can expect in the
popular supersymmetric extension of the SM, the Next-to Minimal Supersymmetric SM (NMSSM). A review of the
NMSSM can be found in Ref. [18].
The NMSSM introduces an additional Higgs singlet, which leads to modifications of the Higgs sector compared to
the Minimal Supersymmetric SM (MSSM). The introduction of the singlet has several advantages: the µ parameter
is related to the vacuum expectation values (vev) of the singlet, so it is naturally of the order of the electroweak scale,
thus solving the µ problem, see e.g. Refs. [18–20]. In addition, the NMSSM naturally provides a 125 GeV Higgs
boson without the need for large loop corrections from multi-TeV stop quarks, since the Higgs mass is increased at
tree level by the mixing with the singlet.[5, 6, 21–26] And last, but not least, the superpartner of the singlet provides
an electroweak scale dark matter candidate consistent with all experimental data.[27–34]
The MSSM has five Higgs bosons, while the NMSSM has in total seven Higgs bosons of which two of the scalar
bosons and one of the pseudo-scalar bosons are rather light, while the heavier scalar, pseudo-scalar and charged
Higgs boson are degenerate in mass if they are well above the gauge boson masses. One of the predicted light Higgs
bosons can play the role of the 125 GeV Higgs boson with SM-like couplings.[17] However, finding the additional light
Higgs bosons is challenging, since the light scalar and the pseudo-scalar bosons are predominantly singlet-like, so the
couplings to SM particles are small. And finding the additional heavy Higgs bosons is hampered by the fact that the
cross sections decrease fast with increasing mass.
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2Instead of searching for additional Higgs bosons one can search for hints of the NMSSM by performing precision
measurements of the cross sections and branching ratios of the observed 125 GeV boson, since in the NMSSM deviations
from the SM-like properties are expected for several reasons: deviations can be caused by the extended Higgs sector
leading to different Higgs mixing and/or decays of the 125 GeV Higgs boson into additional Higgs particles of the
extended Higgs sector and/or decays into invisible particles.
In this paper we study the size of the possible deviations, the correlations between signal strengths of various decay
modes and the regions of parameter space, where deviations are expected. We find e.g. regions, where the deviations
of decays of the 125 GeV Higgs boson into bosons are anti-correlated with the decays into fermions, meaning that
if one goes up the other ones goes down. But we also find regions with correlated deviations of signal strengths for
bosons and fermions. So measuring signal strengths of decays into bosons and fermions independently is of great
interest for future model building. For the analysis we use the efficient scanning technique with full coverage, as
described in a companion paper, which we call Paper I in the following.[35]
We focus on the semi-constrained NMSSM[18, 36, 37], a well motivated subspace of the general NMSSM allowing to
integrate all radiative corrections up to the GUT scale using the renormalization group equations (RGEs). Especially,
radiative electroweak symmetry breaking and the important fixed point solutions for the trilinear couplings are taken
into account in this case, thus avoiding trilinear coupling values not allowed by the solutions of the RGEs, as discussed
in Paper I. As the name fixed point solution indicates, the low energy values are largely independent of GUT scale
values. We shortly introduce the NMSSM Higgs sector in Sec. II. The analysis method is described in Sec. III,
including the modifications needed in comparison to the method in Paper I. The results are presented in Secs. IV
and V where we study in detail the possible deviations of the signal strengths compared to the SM expectation.
II. THE HIGGS SECTOR IN THE SEMI-CONSTRAINED NMSSM
Within the NMSSM the Higgs fields consist of the two Higgs doublets (Hu, Hd), which appear in the MSSM as well,
but together with an additional complex Higgs singlet S.[18] The neutral components from the two Higgs doublets
and singlet mix to form three physical CP-even scalar bosons and two physical CP-odd pseudo-scalar bosons. The
mass eigenstates of the neutral Higgs bosons are determined by the diagonalization of the mass matrix, so the scalar
Higgs bosons Hi, where the index i increases with increasing mass, are mixtures of the CP-even weak eigenstates
Hd, Hu and S
Hi = SidHd + SiuHu + SisS, (1)
where Sij with i = 1, 2, 3 and j = d, u, s are the elements of the Higgs mixing matrix. The Higgs mixing matrix
elements enter the Higgs couplings to quarks and leptons of the third generation:
HitLt
c
R : −
ht√
2
Siu ht =
mt
v sinβ
,
HibLb
c
R :
hb√
2
Sid hb =
mb
v cosβ
, (2)
HiτLτ
c
R :
hτ√
2
Sid hτ =
mτ
v cosβ
,
where ht, hb and hτ are the corresponding Yukawa couplings, tanβ corresponds to the ratio of the vev of the Higgs
doublets, i.e. tanβ = vu/vd. The relations include the quark and lepton masses mt, mb and mτ of the third generation
and v2 = v2u + v
2
d. The couplings to fermions of the first and second generation are analogous to Eq. 2 with different
quark and lepton masses. The couplings are crucial for the corresponding branching ratios and cross sections for each
Higgs boson. While the couplings to fermions are proportional to either the mixing element from the up- or down-type
state, namely Siu or Sid as can be seen from Eq. 2, the couplings to gauge bosons consist of a linear combination of
both mixing elements:
HiZµZν : gµν
g21 + g
2
2√
2
(vdSid + vuSiu) ,
HiW
+
µ W
−
ν : gµν
g22√
2
(vdSid + vuSiu) , (3)
Thus the couplings to fermions and bosons are correlated, leading to correlated signal strengths as well.
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FIG. 1. The sum of the mixing matrix elements squared for the SM-like Higgs boson as function of tanβ. The contributions
from S2d and S
2
u have been indicated. The singlet component S
2
s is small for most regions of parameter space and is here shown
by the thin (red) line at the top of the figure.
The reduced couplings, meaning couplings relative to the SM couplings, only include the Higgs mixing matrix
elements and tanβ:
cu =
Siu
sinβ
cd =
Sid
cosβ
cW/Z = cosβ · Sid + sinβ · Siu, (4)
where cW/Z , cu and cd denote the couplings to vector bosons, up-type and down-type fermions, respectively.
The loop diagrams needed for the reduced couplings to gluons cgluon and photons cγ are parametrized as effective
couplings within NMSSMTools.[38] If the reduced couplings are SM-like, the Higgs mixing matrix elements are adjusted
such that the reduced couplings are 1 as function of tanβ, which is possible if one chooses Siu ≈ sinβ and Sid ≈ cosβ,
as is obvious from Eq. 4. In this case the couplings to gauge bosons take automatically SM-like values: cW/Z =
cosβ ·Sid+ sinβ ·Siu ≈ cos2 β+ sin2 β ≈ 1. The components to the sum of the Higgs mixing matrix elements squared
of the 125 GeV SM-like Higgs boson are shown in Fig. 1 as function of tanβ. One observes that Su is the dominant
component in the linear combination of Eq. 1 for the SM-like Higgs boson for tanβ > 2. In contrast, for the heavy
Higgs H3 the dominant component is the down-type component, as can be seen from the term S3d > 0.97 in Table
IV of Appendix C, which will be discussed later in detail. The square of the singlet component is hardly visible and
represented by the thin (red) line at the top of the figure.
The couplings of the 125 GeV Higgs boson can be extracted from experimentally accessible observables such as
cross sections times branching ratios (BRs). The cross section times BR relative to the SM values is also known as
the signal strength µ and defined as:
µij =
σi ×BRj
(σi ×BRj)SM = c
2
i ·
BRj
(BRj)SM
. (5)
So the signal strength is obtained by the production cross section σi for mode i times the corresponding BR for
decay j, each normalized to the SM expectation. Normalized cross sections are called reduced cross sections, which
are given by the square of the reduced couplings ci. In the following we focus on the main Higgs boson production
modes with the following reduced couplings ci: the effective reduced gluon coupling cgluon for gluon fusion (ggf), cW/Z
for vector boson fusion (VBF) and Higgs Strahlung (VH) and cu for top fusion (tth). We consider two fermion final
states (b-quarks and τ -leptons) and two boson final states (W/Z and γγ) for different production modes. VBF and
VH share the same reduced couplings, so they can be combined to VBF/VH. This leads to 8 signal strengths in total,
namely 4 fermionic and 4 bosonic signal strengths:
µV BF/V Hττ , µ
ggf
ττ , µ
V BF/V H
bb , µ
tth
bb ,
µ
V BF/V H
ZZ/WW , µ
ggf
ZZ/WW , µ
V BF/V H
γγ , µ
ggf
γγ . (6)
4FIG. 2. Sketch of the sampling technique to determine the allowed NMSSM parameter space. The sampling is done by
performing a Minuit fit on each cell of the 3D Higgs mass space (left box) to determine the corresponding 7 free NMSSM
parameters (right box). The relation between the NMSSM parameters and the Higgs masses is encoded in NMSSMTools. The
second-lightest Higgs boson is chosen to be the 125 GeV Higgs boson, but we repeat the fit in case mH1=125 GeV. Then the
mH1 becomes an mH2 axis in the grid on the left. The 3D Higgs mass space can be restricted to the experimentally accessible
Higgs masses and the low dimensionality allows a fit to each cell of the grid. This non-random sampling guarantees complete
coverage of the corresponding 7D NMSSM parameter space.
TABLE I. Differences of the fitting procedures from Paper I (middle column) and the one applied in this analysis (last column).
Procedure standard (Paper I) modified (this paper)
Input A1, H1/2, H3, H1/2 =125 GeV,
µno−loop =1
A1, H1/2, H3, H1/2 =125 GeV,
µsel = µtheo
Output tanβ,A0, Aκ, Aλ, µeff , λ, κ tanβ,A0, Aκ, Aλ, µeff , λ, κ
χ2 constraints χ2HS , χ
2
H3 , χ
2
A1 , χ
2
HSM
, χ2LEP ,
χ2LHC , χ
2
µno−loop
χ2HS , χ
2
H3 , χ
2
A1 , χ
2
HSM
, χ2LEP ,
χ2LHC , χ
2
µsel
III. ANALYSIS METHOD
The scanning method is described in detail in Paper I.[35] Here we shortly repeat the essential features in order to
highlight differences, which are needed to allow for deviations from SM expectations. In Paper I no deviations from
SM-like couplings were assumed in the fit. The semi-constrained NMSSM[18, 36] has in total nine free parameters:
m0, m1/2, A0, tanβ, λ, κ, Aλ, Aκ, µeff . (7)
The latter six parameters in Eq. 7 enter the Higgs mixing matrix at tree level, see Appendix A, and thus form the
6D parameter space of the NMSSM Higgs sector. The coupling λ represents the coupling between the Higgs singlet
and doublets, while κ determines the self-coupling of the singlet. Aλ and Aκ are the corresponding trilinear soft
breaking terms. µeff represents an effective Higgs mixing parameter, which is related to the vev of the singlet s via
the coupling λ, i.e. µeff = λ · s. In addition, we have the GUT scale parameters of the constrained MSSM (CMSSM)
m0 and m1/2 denoting the common mass scales of the spin 0 and spin 1/2 SUSY particles at the GUT scale. The
trilinear coupling A0 at the GUT scale is correlated with Aλ and Aκ, so fixing it would restrict the range of Aλ and
Aκ severely. Therefore, A0 is considered a free parameter in the fit, which leads in total to 7 free parameters and thus
a 7D NMSSM parameter space. For each set of the NMSSM parameters the 6 Higgs boson masses are completely
determined. The masses of the heavy Higgs bosons A2, H3 and H
± are approximately equal, so only one of the masses
is independent. Furthermore, one of the masses has to be 125 GeV. Then only 3 Higgs masses are free, e.g. mA1 ,
mH1 and mH3 . Each set of parameters in the 7D NMSSM parameter space determines a mass combination in the 3D
Higgs mass space and vice versa, each mass combination in the 3D mass space corresponds to given regions in the 7D
parameter space. Hence it is advantageous to scan the lower dimensional Higgs mass space, especially since this space
can be limited to mass ranges accessible to accelerators. Furthermore, the lower dimensionality allows to fit each mass
combination in the grid of Fig. 2. Such a non-random scan guarantees a complete coverage of the corresponding 7D
parameter region. A complete coverage is hardly reachable by a random scan in the 7D parameter space because of
the high correlations between the parameters, as discussed in Paper I.
The transition of the 3D Higgs mass space to the corresponding 7D NMSSM parameter space can be obtained
from a Minuit fit [39], as sketched in Fig. 2 and described in detail in Paper I. The theoretical connection between
5the NMSSM parameters and masses are obtained from NMSSMTools 5.2.0.[38] We included all available radiative
corrections[40], which is important, since the NMSSM radiative corrections to the Higgs boson can lower the mass by
several GeV.[41] The main contributions and free parameters for the standard fit procedures from Paper I have been
summarized in Table I in the middle column.
The 4 signal strengths µ
V BF/V H
ττ , µ
V BF/V H
bb , µ
V BF/V H
ZZ/WW and µ
tth
bb do not include loops in which non-SM particles
could contribute. They are generically referred to as µno−loop. The signal strengths from gluon fusion and/or decay
into gammas include loop diagrams at lowest order, so the SUSY particles can contribute leading to deviations from the
SM prediction. They are referred to as µloop. In Paper I all µno−loop were required to be 1, but in this analysis we are
looking for deviations from SM expectations, so we do not require µno−loop = 1. Deviations from SM expectations can
have several physical origins, e.g. additional decays of the 125 GeV Higgs boson into lighter particles or modifications
of the Higgs couplings via the Higgs mixing elements, which changes the Higgs content. These possibilities will be
discussed in detail below.
Deviations were investigated by a modified fit requiring at least one signal strength to deviate from the SM pre-
diction, i.e. µ 6= 1, which can be enforced in the fit by replacing the χ2µno−loop term in the bottom line of the middle
column of Table I by a term χ2µsel = (µsel − µtheo)2/σ2µ, which forces µsel ≈ µtheo for a minimal χ2 value. For the
signal strength deviating from the SM expectation (µsel) we usually select µ
V BF/V H
ττ , but other choices from the 8
signal strengths in Eq. 6 can be taken as well, which leads to similar results. The fit usually converges to a minimal
χ2 value with µtheo selecting the required deviation from the SM expectation. If the fit does not converge or does not
reach a small χ2 value, this means the required deviations cannot be reached in the NMSSM or the selected parameter
space does not fulfill all experimental constraints. Such mass combinations are rejected.
In comparison with the standard fit in the middle column of Table I one has 3 constraints less, since in the
middle column χ2µno−loop all four µno−loop values were required to be equal 1, while in this analysis the test statistic
contribution χ2µsel requires only µsel = µtheo, as shown in the right column of Table I. The reduction of the constraints
still leads to converging fits. The reason is the high correlations between the parameters as demonstrated in Paper I.
This reduces effectively the number of free parameters.
The fit is performed for each cell of the grid in Fig. 2, thus completely scanning the parameter space and checking
where signal strength deviations of the size µtheo are allowed taking into account the experimental constraints. From
the fitted parameters in a fit with a single no-loop signal strength required to deviate from 1 the other signal strengths
can be calculated and one can see, if they deviate in the same or in opposite directions in comparison to µsel, which
are called correlated or anti-correlated deviations, respectively.
IV. SIGNAL STRENGTH DEVIATIONS OF THE 125 GEV HIGGS BOSON FROM SM
EXPECTATIONS
The signal strengths µ are given by the product of cross sections and BRs, see Eq. 5, so deviation from the SM
expectation of µ = 1 can be obtained by deviations in cross sections or in branching ratios or in both. This leads to
three different cases for deviations of the signal strengths of the 125 GeV Higgs boson from SM expectations:
• CASE I: Additional decays. The decay of the 125 GeV Higgs boson with SM couplings into particles with a
mass m < 0.5mHiggs leads to modifications of the total width, which changes all BRs in a correlated way. This
leads to correlated deviations of the signal strengths.
• CASE II: Small Higgs mixing between the 125 GeV and the singlet Higgs boson. A modification of the Higgs
mixing matrix elements leads to anti-correlated deviations because the total width stays almost constant. But
the coupling to down-type fermions and hence the corresponding BRs decrease, which is largely compensated
by an increase of the BRs to vector bosons, leading to anti-correlated BRs and thus anti-correlated fermionic
and bosonic signal strengths.
• CASE III: Strong Higgs mixing between the 125 GeV and the singlet-like Higgs boson. A strong mixing and thus
a large singlet component of the 125 GeV Higgs boson can be reached, if both masses are close to each other.
This leads to correlated deviations of the signal strengths, because the singlet component of the 125 GeV Higgs
boson does not couple to SM particles, so the reduced couplings decrease in a correlated way. Since a different
Higgs mixing does not change the BRs significantly, a correlated decrease of the couplings leads to a correlated
decrease of the signal strengths.
For CASE I deviations are obtained by decays into light neutralinos (CASE Ia), light pseudo-scalar Higgs bosons
(CASE Ib) and light singlet-like Higgs bosons (CASE Ic). The BRs are shown in Fig. 3 for each case as function of
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FIG. 3. BRs of the 125 GeV Higgs boson into lighter particles as function of the mass of the lighter particle, which can be
neutralinos (CASE Ia), the light pseudo-scalar Higgs boson A1 (CASE Ib) or the lightest Higgs boson H1 (CASE Ic). The BRs
are shown for µsel = µ
V BF/V H
ττ and µtheo=0.7 and 0.9. One observes that the BRs are directly related to the deviations of the
signal strengths from the SM expectation, namely the BR is approximately 1− µtheo (see text).
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FIG. 4. Fitted signal strengths µ as function of the singlet-like Higgs mass for different values of µsel, different production
cross sections and different final states. The left(right) panels show results for µtheo 0.9(0.7), while the top and bottom rows
correspond to the ggf and VBF/VH production modes, respectively. The regions with mHS < 60 GeV correspond to CASE
I and is a combination of CASEs Ia, Ib and Ic in Fig. 3. The region with mHS > 60 GeV correspond to CASE II, while the
narrow stripe for mHS ∼ 125 GeV corresponds to CASE III. One observes correlated signal strengths for bosons and fermions
in CASE I, i.e. they deviate from 1 by the same amount, while for CASE II an anti-correlation of the bosonic and fermionic
signal strengths is observed, i.e. the deviations from 1 go in opposite directions.
the mass of the final state particles for two values of µtheo, namely 0.7 and 0.9, respectively. Here µsel = µ
V BF/V H
ττ
was chosen, but similar results are found for other choices of µsel. The Higgs mass space is scanned on the grid in
7Fig. 2 in 1 GeV steps. The neutralino mass is calculated from the fitted NMSSM parameters for each cell in the 3D
Higgs mass space. The fit usually converges with a good χ2 value meaning that the mass combination is theoretically
allowed and fulfills all experimental constraints. Additional decays into light particles increase the total width Γtot of
the 125 GeV Higgs boson: Γ∗tot = Γtot + Γlight > Γtot. This leads to a reduction of the BRs of the 125 GeV SM-like
Higgs boson, where it is convenient to normalize to the BR of the SM. Using the BR into τ leptons as an example
one can write: BR∗ττ/BRττ,SM = Γtot/(Γtot + Γlight) ≈ 1 − Γlight/Γtot ≈ 1 − BRlight. So for CASE I one basically
always finds the deviations from the SM signal strength to be determined by the BR into light particles, i.e. one finds
µ ≈ 1 − BRlight. This relation approximately holds for the various light particles in the different panels of Fig. 3.
Sometimes it happens that several particles are simultaneously light, since the masses are correlated, which can be
seen already from the approximate expressions mA1 ∼ λµeff and mχ˜10 ∼ 2κ/λµeff in Appendix A or that the mixing
between H1 and H2 (CASE II) changes simultaneously with the total width (CASE I). This leads to the broadening
of the bands in Fig. 3, where we summed over all mass combinations of the grid in Fig. 2.
To study the CASEs II and III, where the deviations of the signal strengths are caused by the Higgs mixing with the
singlet, we concentrate on the signal strength as function of the mass of the singlet-like Higgs boson mHS . We select
again µsel = µ
V BF/V H
ττ and µtheo = 0.9 or 0.7. Fig. 4 shows the fermionic and bosonic signal strengths as function of
mHS for two production channels: ggf (top row in Fig. 4) and VBF/VH (bottom row in Fig. 4). One observes the
following features: for mHS < 60 GeV in the top left panel µW/Z and µττ are both equal to µsel = 0.9 ≈ 1−BRlight,
as expected for CASE I. For mHS > 60 GeV the decays into fermions and bosons are anti-correlated, as expected
for CASE II: Since the sum of the partial widths (= total width) stays constant, a change of one partial width has
to be compensated by an opposite change in one or more other partial widths (or BRs). Indeed, one observes the
signal strengths for µW/Z to be above the ones for µττ . The effect becomes more pronounced, if one requires larger
deviations, e.g. µtheo = 0.7, which is shown on the right side of Fig. 4. Note that the spread is large because
the results are shown for all mass combinations in the grid of the Higgs mass space and for different stop masses
(determined by different values of m0,m1/2). All cases will be discussed in more detail in the next section, where
we do not average over all mass combinations, but consider for each case a representative mass combination, which
better shows the salient features.
V. EXAMPLES OF SIGNAL STRENGTH DEVIATIONS OF THE 125 GEV HIGGS BOSONS FROM
THE SM EXPECTATIONS
A. CASE I: Deviations by decays of the 125 GeV Higgs boson into non-SM light particles
For CASE I either mχ˜01 and/or mA1 and/or mH1 had to be smaller than about 60 GeV to allow decays of the 125
GeV Higgs boson into pairs of these light particles, which leads to deviations from the SM expectation. Here we
investigate the deviations from the SM for a specific mass combination in the grid of Fig. 2 characterized by allowed
decays into neutralinos (CASE Ia), in this case mH1 = 90 GeV,mH3 = 2000 GeV and mA1 = 200 GeV. As before,
the signal strength µ
V BF/V H
ττ is required to deviate from the SM expectation by fitting it to a value µtheo 6= 1. This is
accomplished in the fit by increasing the invisible BR via the decrease of the neutralino mass, which can be changed
in the fit to a specific value by adjusting the free parameters µeff , λ and κ (mχ˜10 ∼ 2κλµeff ). This can be observed
from the NMSSMTools output in Appendix C in Tables II-VII for two examples, called P1 and P2, for µtheo = 1 and
0.7, respectively. For CASE Ib (mA1 < 60 GeV) and CASE Ic (mH1 < 60 GeV) one cannot study the deviations for a
fixed mass combination, since they require changes in mA1 and/or mH1 , which contradicts the study for a fixed mass
combination.
In the top left panel of Fig. 5 the signal strengths are shown for all 8 signal strengths as function of µsel = µ
V BF/V H
ττ
between 0.3 and 1 by the overlapping solid (dashed) lines for the VBF/VH (ggf) production mode. Note that for the
bb¯ final states the ttH production mode is selected instead of ggf, as indicated in Eq. 6 before. Below µtheo = 0.3
no good fit can be obtained. All signal strengths vary in a correlated way, as expected for CASE I. Since the signal
strengths are the product of couplings squared and BRs relative to the SM values, we check which one is varying.
Fig. 5(b) shows the reduced coupling c as function of the selected signal strength µ
V BF/V H
ττ for cu, cd and cγ , which
are all close to 1. The same is true for cW/Z and cgluon in Fig. 5(c). However, from Fig. 5(d) one observes that the
correlated change in the signal strengths in Fig. 5(a) originates from the correlated change of BRs into visible final
states (overlapping lines with a positive slope), which are anti-correlated with the invisible BR (line with negative
slope). For µ
V BF/V H
ττ = 1 the invisible BR is zero, while all other reduced BRs are equal 1, so no deviations from the
SM expectations are observed. Note that experimentally the signal strengths are constrained by the data, but they
are not yet precise, as shown in Fig. 8 of Appendix B for the data from the ATLAS and CMS experiments, which
were combined by the Particle Data Group.[13]
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FIG. 5. The figure demonstrates in the top left panel (a) the correlated deviation of all signal strengths from the SM expectation
1 as function of µ
V BF/V H
ττ by the overlapping lines. µ
V BF/V H
ττ was required to deviate from the SM expectation by fitting it to a
value µtheo < 1 for a specific mass combination characterized by allowed decays into neutralinos (CASE I). The deviations can
either come from deviations of the couplings or from the BRs. Here it is clearly caused by the BRs, since all reduced couplings
correspond to the SM expectation of 1, as demonstrated in panels (b) and (c). The allowed neutralino decays increase the
invisible width (line with negative slope in panel (d)), which increase the total width and hence reduces the BRs for all other
channels in the same way (overlapping lines with positive slope in panel (d)). This leads to the same (=correlated) change in
all signal strengths (overlapping lines with positive slope in panel (a)) given the constant couplings in panels (b) and (c), which
is true for all production modes, as demonstrated by the overlap of the solid and dashed lines in (a) representing the signal
strengths for the VBF/VH and ggf production mode, respectively.
B. CASE II: Deviations by Higgs mixing
For CASE II a mass combination with all particles above 60 GeV is selected, so no decays into light particles can
occur, in this case the mass combination mH1 = 90 GeV,mH3 = 1000 GeV and mA1 = 200 GeV was selected. As
before, regions with deviations from the SM expectations are searched for by looking for a good χ2 value under the
constraint µsel = µ
V BF/V H
ττ = µtheo < 1. The fit accomplishes this by modifying the NMSSM parameters leading to
deviations in the Higgs mixing, as shown in Appendix C in Table II for two selected mass combinations, P3 and P4,
for µtheo = 1 and 0.7, respectively. The change in mixing can be observed e.g. by the change in S2s in Table IV for
P4 in comparison with P3.
By fitting the down-type signal strength µ
V BF/V H
ττ to µtheo < 1, the reduced coupling cd decreases, as shown in
Fig. 6(b) (lowest line), while all other reduced couplings, shown in Fig. 6(b) and 6(c), vary less by the variation
of the mixing. The reduction in cd with much flatter dependencies for cu and cW/Z can be easily derived from Eq.
4 for larger values of tanβ. For the reduced couplings cgluon and cγ additional deviations from 1 can be caused by
SUSY contributions in the loops. These are small in this case, where the lightest stop mass is about 1.2 TeV, as
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FIG. 6. As Fig. 5, but for CASE II. In this case the change in signal strengths in panel (a) originates from the change
in reduced couplings, shown in panels (b) and (c). The variation of the signal strengths is obtained in the fit by varying
predominatly the coupling to down-type fermions cd (lowest line in panel (b)), which varies predominantly the corresponding
BRs (lowest line in panel (d)). The decrease of the BR to down-type fermions can be compensated by an increase in the bosonic
BRs, since the sum of all BRs stays almost constant, if the total width stays almost constant. The anti-correlation in BRs
leads to anti-correlations in the signal strengths, as shown in panel (a) by the lines with negative (positive) slopes for bosonic
(fermionic) signal strengths.
shown in Table III of Appendix C. The decrease in cd leads to decreasing BRs into down-type fermion final states,
which are displayed in Fig. 6(d) as function of µ
V BF/V H
ττ (overlapping lines with a positive slope). The total width
stays almost constant, if no new decay modes open up, so the sum of the BRs stays almost constant, implying a
decrease of the fermionic BRs must be compensated by a larger BR for bosonic final states (lines with negative slopes
in panel (d)), leading to an anti-correlation of the corresponding signal strengths, as demonstrated in Fig. 6(a):
The fermionic signal strengths µττ , µbb (lines with positive slopes) follow µsel, while the bosonic signal strengths
µW/Z , µγγ (lines with negative slopes) increase with decreasing µ
V BF/V H
ττ . The anti-correlations in signal strengths
and BRs is demonstrated numerically by comparing e.g. the signal strengths (BRs) for H2 → bb and H2 → ZZ/WW
in Tables VI and VII of Appendix C for P4. This anti-correlation is in contrast to CASE I, shown in Fig. 5, where
all signal strengths decrease and follow approximately µ
V BF/V H
ττ . In addition, the reduced couplings, especially cd,
vary significantly, while for CASE I the reduced couplings equal 1 as function of µ
V BF/V H
ττ .
C. CASE III: Deviations by strong mixing with the singlet
In CASE III we select mH1 = 122 GeV,mH3 = 1300 GeV,mA1 = 200 GeV, so H1 is close in mass to H2 (125
GeV), which can lead to a stronger mixing between H1 and H2 than in CASE II. As for the previous cases, we
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FIG. 7. As Fig. 5, but for CASE III. The variation of the signal strengths originates from a variation of all reduced couplings
simultaneously (see (b) and (c)), while the BRs stay close to 1 (see (d)). The simultaneous variation of all reduced couplings
is caused by the increase of the singlet component S2s of the 125 GeV Higgs boson. In this case all signal strengths change in
a correlated way (see overlapping lines in (a)).
force µ
V BF/V H
ττ to deviate from 1 by requiring µsel = µ
V BF/V H
ττ = µtheo < 1. The required deviation in the fit is
accomplished by increasing the mixing between H1 and H2, as demonstrated in Table IV of Appendix C for the
selected mass combinations, P5 and P6, for µtheo = 1 and 0.7, respectively. One observes that the singlet component
H2s of the 125 GeV Higgs boson becomes 0.56 for P6, while it is 0.008 for P5. The singlet component does not couple
to SM particles, so the couplings to all fermions and bosons decrease from 1 for P5 to 0.83 for P6 with µ
V BF/V H
ττ = 0.7,
as shown in Table V of Appendix C in the H2 block. The dependencies of the reduced couplings on µ
V BF/V H
ττ are
displayed in Figs. 7(b) and 7(c). In contrast to CASE I (Fig. 5) and CASE II (Fig. 6) the BRs of the 125 GeV Higgs
boson stay close to the SM expectation of 1 as function of µ
V BF/V H
ττ , as shown in Fig. 7(d). The constant BRs and
decreasing couplings lead to correlated deviations for the signal strengths, as shown in Fig. 7(a) for fermionic and
bosonic final states.
VI. CONCLUSION
Examples for signal strengths deviating from the SM expectation are presented and the correlations between the
signal strengths for fermionic and bosonic final states have been determined. We find three different cases to obtain
signal strengths deviating from the SM prediction, i.e. deviating from 1. For the first case, additional decays of the
125 GeV Higgs boson with SM couplings into particles with m < 0.5mHiggs are possible (CASE I). This leads to a
modification of the total width, which changes all BRs in a correlated way, and hence leads to correlated deviations
of the signal strengths, as summarized in Fig. 5. In the second case, a modification of the Higgs mixing changes
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preferentially the reduced couplings to down-type fermions and thus the corresponding BRs (CASE II). The total
width stays almost constant by a modification of the Higgs mixing, so the sum of the BRs stays constant. Hence the
decrease of BRs into fermionic final states has to be compensated by an increase of BRs into bosonic final states.
This leads to anti-correlated deviations of the fermionic and bosonic signal strengths for CASE II, as summarized in
Fig. 6. In the third case the singlet-like and SM-like Higgs bosons are rather close in mass, which allows for a strong
mixing. In this case the fit leads to a significant enhancement of the singlet component of the 125 GeV Higgs boson
(CASE III), which reduces the couplings to SM particles for all final states and thus leads to correlated deviations
of fermionic and bosonic signal strengths, as summarized in Fig. 7. The three different cases can be related to the
corresponding regions in the Higgs mass space, as shown by the projections onto the mA1 and mHS axes in Figs. 3
and 4. These projections are largely independent of the third mass mH3 in the Higgs mass space in Fig. 2.
Allowed upper limits on the possible deviations of the signal strengths are proportional to the measured upper
limits for the deviations from the SM predictions, which are presently still large. Precision measurements at a linear
collider would allow to search for deviations of the 125 GeV Higgs boson signal strengths with much higher precision.
This would allow to study correlations of possible deviations in much more detail and either strongly constrain the
NMSSM parameter space or point to preferred regions of mass space in case correlated or anti-correlated deviations
between fermionic and bosonic signal strengths from SM expectations are found.
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Appendix A: Higgs and neutralino mixing matrix in the NMSSM
The neutral components from the two Higgs doublets and singlet mix to form three physical CP-even scalar (S)
bosons and two physical CP-odd pseudo-scalar (P ) bosons. The elements of the corresponding mass matrices at tree
level read:[20]
M2S,11 = M2A + (M2Z − λ2v2) sin2 2β,
M2S,12 = −
1
2
(M2Z − λ2v2) sin 4β,
M2S,13 = −
1
2
(M2A sin 2β +
2κµ2
λ
)
λv
µ
cos 2β,
M2S,22 = M2Z cos2 2β + λ2v2 sin2 2β, (A1)
M2S,23 = 2λµv
[
1− (MA sin 2β
2µ
)2 − κ
2λ
sin 2β
]
,
M2S,33 =
1
4
λ2v2(
MA sin 2β
µ
)2 +
κµ
λ
(Aκ +
4κµ
λ
)− 1
2
λκv2 sin 2β,
M2P,11 =
µ(
√
2Aλ + κ
µ
λ )
sin 2β
= M2A,
M2P,12 =
1√
2
(
M2A sin 2β − 3
κ
λ
µ2
) vλ
µ
, (A2)
M2P,22 =
1
2
(
M2A sin 2β + 3
κ
λ
µ2
) v2
µ2
λ2 sin 2β − 3√
2κλµAκ
.
One observes that the elementM2S,22, which corresponds to the tree-level term of the lightest MSSM Higgs boson,
can be above M2Z because of the λ
2v2 sin2 2β term. The diagonal element M2P,11 at tree level corresponds to the
pseudo-scalar Higgs boson in the MSSM limit of small λ, so it is called MA.
Within the NMSSM the singlino, the superpartner of the Higgs singlet, mixes with the gauginos and Higgsinos,
leading to an additional fifth neutralino. The resulting mixing matrix reads:[18, 42]
M0 =

M1 0 − g1vd√2
g1vu√
2
0
0 M2
g2vd√
2
− g2vu√
2
0
− g1vd√
2
g2vd√
2
0 −µeff −λvu
g1vu√
2
− g2vu√
2
−µeff 0 −λvd
0 0 −λvu −λvd 2κs
 (A3)
with the gaugino masses M1, M2, the gauge couplings g1, g2 and the Higgs mixing parameter µeff as parameters.
Furthermore, the vacuum expectation values of the two Higgs doublets vd,vu, the singlet s and the Higgs couplings λ
and κ enter the neutralino mass matrix.
The upper left 4× 4 submatrix of the neutralino mixing matrix corresponds to the MSSM neutralino mass matrix,
see e.g. Ref. [16].
The neutralino mass eigenstates are obtained from the diagonalization ofM0 in Eq. A3 and are linear combinations
of the gaugino and Higgsino states:
χ˜0i = N (i, 1)
∣∣∣B˜〉+N (i, 2) ∣∣∣W˜ 0〉+N (i, 3) ∣∣∣H˜0u〉+N (i, 4) ∣∣∣H˜0d〉+N (i, 5) ∣∣∣S˜〉 . (A4)
Typically, the diagonal elements in Eq. A3 dominate over the off-diagonal terms, so the neutralino masses are of
the order of M1, M2, while the heavier Higgsinos are of the order of the mixing parameter µeff and ithe the lightes
(singlino-like) neutralino is of the order of 2κs = 2(κ/λ)µeff .
Appendix B: Experimental data on the signal strengths of the 125 GeV Higgs boson
All LHC measurements have been combined by the Particle Data Group to obtain the most precise results.[13] A
Summary of the combinations is shown in Fig. 8.
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FIG. 8. Combined measurements of the products σ· BR for the five main production and five main decay modes. The hatched
combinations require more data for a meaningful confidence interval to be provided. The figure is taken from [13].
TABLE II. List of fitted NMSSM parameters for representative mass combinations P1 to P6.
P 1 2 3 4 5 6
µ
V BF/V H
ττ 1 0.7 1 0.7 1 0.7
tanβ 4.12 3.96 5.36 6.57 12.87 19.47
A0 in GeV -654.85 -553.88 -617.09 520.12 -2467.63 -2295.48
Aκ in GeV 3779.52 3724.97 4673.16 4444.88 -156.54 -156.55
Aλ in GeV 4325.18 4415.52 3300.37 3553.43 319.80 -126.42
λ · 10−1 6.31 6.31 6.97 6.50 0.04 0.04
κ · 10−1 0.37 0.28 2.51 3.20 0.03 0.04
µeff in GeV 459.38 475.24 184.48 146.19 103.64 104.11
Appendix C: Output of NMSSMTools for six representative mass combinations P1 to P6
In Sect. V examples of mass combinations for the three possible cases for deviations of the signal strengths of the 125
GeV Higgs boson from the SM-expectation were discussed. To see which parameters need changes for deviations from
the SM-expectation we present for each example the parameters without (with) deviation, i.e. µtheo = 1(µtheo = 0.7).
For CASE I we select the mass combinations P1 and P2, where the last point corresponds to the deviations presented
in Fig. 5. Similarly, we select P3 and P4 for CASE II, where P4 corresponds to the deviations presented in Fig. 6 and
P5 and P6) for CASE III with the deviations presented in Fig. 7. The fitted NMSSM parameters for the representative
mass combinations for H1, H3, A1 from Figs. 5-7 are listed in Table II. From these fitted parameters NMSSMTools
calculates all masses (shown in Table III) and the Higgs and neutralino mixing matrices (shown in Table IV). The
reduced couplings are listed in Table V. The signal strengths and BRs are shown in VI and VII, respectively. All
values are obtained from the output of NMSSMTools.
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TABLE III. Masses of Higgs bosons, sparticles and gauginos in GeV for the representative mass combinations P1 to P6. The
values of H1, H3 and A1 represent the chosen mass combination in the grid of Fig. 2. One observes the approximate mass
degeneracy of the heavy Higgs masses (H3, A2 and H
±). H2 is the observed 125 GeV Higgs mass and H1 the singlet-like boson
(see large value of S1s in Table IV). ).
P 1 2 3 4 5 6
µ
V BF/V H
ττ 1 0.7 1 0.7 1 0.7
H1 90.0 90.0 90.0 90.0 122.9 122.9
H2 125.2 125.2 125.2 125.2 125.2 125.3
H3 2000.0 2000.0 1000.0 1000.0 1300.8 1300.0
A1 200.0 200.0 200.0 200.0 200.0 200.0
A2 2000.5 2000.6 998.1 997.7 1300.7 1300.0
H± 1996.5 1996.6 990.1 990.7 1303.4 1302.7
d˜L 2214.6 2214.3 2211.4 2209.9 2217.3 2218.3
d˜R 2137.3 2137.0 2128.1 2128.6 2134.1 2136.6
u˜L 2213.4 2213.1 2210.2 2208.6 2216.0 2217.0
u˜R 2165.3 2165.0 2184.8 2173.3 2187.0 2180.8
s˜L 2214.6 2214.3 2211.4 2209.9 2217.3 2218.3
s˜R 2137.3 2137.0 2128.1 2128.6 2134.1 2136.6
c˜L 2213.4 2213.1 2210.2 2208.6 2216.0 2217.0
c˜R 2165.3 2165.0 2184.8 2173.3 2187.0 2180.7
b˜1 1773.2 1777.3 1796.2 1884.5 1706.0 1701.9
b˜2 2131.4 2131.6 2121.0 2122.2 2083.7 2030.4
t˜1 1064.3 1078.1 1189.0 1427.4 950.8 1034.0
t˜2 1792.4 1796.3 1814.5 1899.8 1731.7 1728.3
e˜L 1206.3 1206.2 1233.7 1222.9 1232.0 1224.2
e˜R 1021.0 1021.2 959.2 986.2 968.0 987.5
ν˜eL 1204.1 1204.0 1231.5 1220.6 1229.6 1221.7
µ˜L 1206.3 1206.2 1233.7 1222.9 1232.0 1224.2
µ˜R 1021.0 1021.2 959.2 986.2 968.0 987.5
ν˜µL 1204.1 1204.0 1231.5 1220.6 1229.6 1221.7
τ˜1 1016.1 1016.7 953.5 981.0 910.0 860.9
τ˜2 1204.3 1204.3 1231.5 1220.8 1209.9 1176.0
ν˜τL 1202.1 1202.1 1229.2 1218.5 1207.4 1173.3
g˜ 2237.4 2237.3 2239.2 2240.0 2240.3 2239.3
χ˜01 62.5 52.1 103.2 88.8 98.1 99.0
χ˜02 407.2 410.7 -220.3 -179.5 -110.9 -111.6
χ˜03 483.9 494.7 238.2 224.7 174.8 174.8
χ˜04 -483.9 -499.8 433.6 431.2 431.8 431.7
χ˜05 831.1 831.8 823.1 820.0 824.2 824.3
χ˜±1 454.0 469.2 183.8 146.2 104.1 105.0
χ˜±2 831.0 831.6 823.1 820.0 824.2 824.2
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TABLE IV. Higgs mixing matrix elements in % for the scalar Higgs bosons Sij with i = 1, 2, 3 and j = d, u, s. The Higgs
mixing matrix elements for the pseudo-scalar Higgs bosons are labeled as Pij with i = 1, 2 and j = d, u, s while the neutralino
mixing matrix elements are denoted by Nij with i = 1, ..., 5 and j = 1, ..., 5. The components are defined in Eq. A4. One
observes that for the mass combinations P1, P3 and P5 the 125 GeV Higgs boson has a large S2u component and a small
singlet S2s component. The singlet component S2s increases in CASE II and CASE III with deviations from the SM-like signal
strengths (mass combinations P4 and P6 with µ
V BF/V H
ττ =0.7). For CASE I the lightest neutralino (the dark matter candidate)
is singlino-like with N15=0.97, while for the other cases with larger mixing (P3 to P6) the singlino component N15 decreases
and the Higgsino components N13 and N14 increase.
P 1 2 3 4 5 6
µ
V BF/V H
ττ 1 0.7 1 0.7 1 0.7
S1d 4.64 4.83 11.41 15.83 0.12 -2.86
S1u -1.60 -0.59 -2.54 30.50 0.83 -55.51
S1s 99.88 99.88 99.31 93.91 99.99 83.13
S2d 23.62 24.48 18.42 10.52 7.86 4.34
S2u 97.17 96.96 98.29 94.05 99.69 83.02
S2s 0.46 -0.62 0.40 -32.32 -0.83 55.58
S3d 97.06 96.84 97.62 98.18 99.69 99.86
S3u -23.57 -24.48 -18.24 -15.00 -7.86 -5.20
S3s -4.88 -4.83 -11.69 -11.68 -0.05 -0.04
P1d -5.08 -5.13 -9.43 -9.13 -0.05 -0.03
P1u -1.23 -1.29 -1.76 -1.39 < -0.01 < -0.01
P1s 99.86 99.86 99.54 99.57 99.99 99.99
P2d 97.04 96.81 97.85 98.44 99.70 99.87
P2u 23.56 24.46 18.26 14.98 7.75 5.13
P2s 5.23 5.29 9.59 9.24 0.05 0.03
N11 2.48 2.30 8.90 9.48 9.55 9.34
N12 -2.26 -2.12 -7.61 -8.27 -8.19 -8.00
N13 -1.83 -2.59 31.09 41.22 72.51 72.53
N14 -22.24 -21.45 -62.58 -68.91 -67.70 -67.73
N15 97.42 97.59 70.57 58.26 0.66 0.68
N21 83.62 87.64 -3.39 -3.78 -5.32 -5.47
N22 -8.55 -7.61 3.98 4.32 5.78 5.94
N23 40.14 35.43 70.42 70.86 68.76 68.74
N24 -35.08 -30.67 65.19 64.68 72.18 72.17
N25 -9.58 -8.03 27.64 27.60 0.19 0.19
N31 -54.69 47.99 11.46 -7.93 -0.06 -0.06
N32 -16.71 18.17 -7.06 5.09 0.04 0.05
N33 57.86 -60.72 63.23 -56.87 -0.61 -0.63
N34 -57.11 59.69 -39.62 28.89 0.30 0.32
N35 -10.95 10.77 -65.20 76.43 99.99 99.99
N41 -2.38 -2.31 98.88 99.15 99.39 99.41
N42 3.13 3.05 2.86 2.53 2.19 2.17
N43 70.10 70.09 -7.66 -5.74 -3.26 -3.02
N44 69.09 69.12 12.34 11.24 10.26 10.23
N45 17.23 17.18 2.15 1.59 < 0.01 < 0.01
N51 -1.89 -1.97 -1.22 -1.19 -1.10 -1.09
N52 98.15 97.97 99.34 99.40 99.47 99.48
N53 11.07 11.78 4.27 3.41 2.05 1.79
N54 -15.50 -16.07 -10.57 -10.32 -9.99 -9.98
N55 -1.01 -1.04 -0.40 -0.31 < -0.01 < 0.01
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TABLE V. The reduced couplings for all Higgs bosons to up-type fermions cu, down-type fermions cd, b-quarks cb, W/Z-bosons
cW/Z , gluons cgluon and photons cγ . One observes that for CASE I, represented by P1 and P2, the reduced couplings of H2 are
close to 1, even if the signal strength µ
V BF/V H
ττ =0.7. The deviations from the SM-like signal strength in P2 is caused by the
change in BRs to neutralinos, as can be seen from the last row in Table VII. For the other cases the signal strength changes by
a change of the reduced couplings, see columns for P4 and P6 in the H2 block.
P 1 2 3 4 5 6
µ
V BF/V H
ττ 1 0.7 1 0.7 1 0.7
H1
cu -0.017 -0.006 -0.026 0.308 0.008 -0.556
cd 0.196 0.197 0.622 1.052 0.016 -0.557
cb 0.196 0.196 0.622 1.050 0.016 -0.557
cW,Z -0.004 0.325 -0.005 0.006 0.008 -0.556
cgluon 0.046 0.038 0.126 0.291 0.008 0.553
cγ 0.053 0.041 0.139 0.177 0.007 0.560
H2
cu 1.000 1.000 1.000 0.951 1.000 0.831
cd 1.001 0.999 1.004 0.699 1.014 0.847
cb 1.001 0.999 1.004 0.7000 1.014 0.847
cW,Z 1.000 1.000 1.000 0.946 1.000 0.831
cgluon 0.999 0.999 1.000 0.967 0.993 0.827
cγ 1.003 1.003 1.006 1.000 1.007 0.834
H3
cu -0.243 -0.252 -0.186 -0.152 -0.079 -0.052
cd 4.114 3.953 5.322 6.524 12.868 19.471
cb 4.107 3.945 5.319 6.512 12.899 19.511
cW,Z < -0.001 < -0.001 < -0.001 < - 0.001 -0.001 < -0.001
cgluon 0.230 0.240 0.176 0.141 0.064 0.063
cγ 0.112 0.115 0.352 0.300 0.080 0.060
A1
cu -0.013 -0.013 -0.018 -0.014 < 0.001 < 0.001
cd -0.215 -0.209 -0.514 -0.607 -0.006 -0.005
cb -0.215 -0.209 -0.514 -0.606 -0.006 -0.005
cgluon 0.015 0.016 0.021 0.021 < 0.001 < 0.001
cγ 0.048 0.046 0.150 0.195 0.003 0.003
A2
cu 0.242 0.252 0.186 0.152 0.078 0.051
cd 4.114 3.952 5.335 6.542 12.870 19.472
cb 4.106 3.944 5.331 6.530 12.900 19.512
cgluon 0.272 0.283 0.226 0.191 0.128 0.125
cγ 0.131 0.135 0.416 0.353 0.113 0.100
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TABLE VI. Signal strengths from Eq. 6 for the scalar Higgs bosons H1, H2 and H3 in the blocks separated by horizontal lines.
One observes the correlated deviations of the signal strengths into fermionic and bosonic final states for P2 and P6 and the
anti-correlated changes in case of P4 by comparing e.g. H2 → bb with H2 → ZZ/WW . For P2 the deviation from the SM-like
signal strength is caused by the increase into invisible states H2 → invisible (last 2 lines of the middle block). For P4 the
deviation from the SM-like signal strength is caused by a decrease of the BRs to down-type fermions, which is compensated by
an increase of the BRs into bosons (compare e.g. BR(H2 → bb and BR(H2 → WW ) in Table VII). For P6 the deviation from
the SM-like signal strength is caused by a correlated decrease of all reduced couplings, as shown in the last column ofTable V
in the H2 block.. The explanations are given in Sect. V.
P 1 2 3 4 5 6
µ
V BF/V H
ττ 1 0.7 1 0.7 1 0.7
V BF/V H → H1 → ττ < 0.0001 < 0.0001 < 0.0001 0.1151 < 0.0001 0.3095
ggf → H1 → ττ 0.0023 0.0016 0.0173 0.0922 < 0.0001 0.3066
V BF/V H → H1 → bb < 0.0001 < 0.0001 < 0.0001 0.1135 < 0.0001 0.3095
ggf → H1 → bb 0.0003 < 0.0001 0.0007 0.1021 < 0.0001 0.3095
V BF/V H → H1 → ZZ/WW 0.0000 0.0000 0.0000 0.0000 < 0.0001 0.3081
ggf → H1 → ZZ/WW 0.0000 0.0000 0.0000 0.0000 < 0.0001 0.3052
V BF/V H → H1 → γγ < 0.0001 < 0.0001 < 0.0001 0.0032 < 0.0001 0.3124
ggf → H1 → γγ 0.0002 < 0.0001 0.0009 0.0026 < 0.0001 0.3095
V BF/V H → H2 → ττ 1.0009 0.7000 1.0026 0.7002 1.0100 0.7002
ggf → H2 → ττ 0.9984 0.6989 1.0026 0.7319 0.9951 0.6923
V BF/V H → H2 → bb 1.0008 0.7000 1.0024 0.7100 1.0095 0.6998
ggf → H2 → bb 1.0007 0.7001 1.0021 0.7186 1.0093 0.6997
V BF/V H → H2 → ZZ/WW 0.9981 0.7009 0.9946 1.2802 0.9821 0.6739
ggf → H2 → ZZ/WW 0.9955 0.6999 0.9946 1.3381 0.9675 0.6663
V BF/V H → H2 → γγ 1.0041 0.7057 1.0057 1.4317 0.9959 0.6788
ggf → H2 → γγ 1.0015 0.7047 1.0057 1.4964 0.9812 0.712
V BF/V H → H2 → invisible 0.0002 0.2997 0.0000 0.0000 0.0000 0.0000
ggf → H2 → invisible 0.0002 0.2993 0.0000 0.0000 0.0000 0.0000
V BF/V H → H3 → ττ < 0.0001 < 0.0001 < 0.0001 0.0004 0.0206 0.0149
ggf → H3 → ττ 69.2039 69.3713 24.7435 24.6346 68.8573 113.7163
V BF/V H → H3 → bb < 0.0001 < 0.0001 < 0.0001 0.0002 0.0142 0.0103
ggf → H3 → bb 57.2843 57.0001 18.0317 18.6574 72.7133 53.4240
V BF/V H → H3 → ZZ/WW < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
ggf → H3 → ZZ/WW < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
V BF/V H → H3 → γγ < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
ggf → H3 → γγ 0.0512 0.0584 0.1080 0.0520 0.0027 0.0011
V BF/V H → H3 → invisible < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
ggf → H3 → invisible 0.0013 0.0013 0.0051 0.0022 < 0.0001 < 0.0001
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TABLE VII. The BRs for the two light scalar Higgs bosons in %. The lightest Higgs boson is predominantly singlet-like, while
the second lightest Higgs boson corresponds to the 125 GeV Higgs boson, see Tables III and IV. H1 decays predominantly into
fermions. Note the anti-correlation of BR(H2 → bb) and BR(H2 →WW ) for P3 and P4: the first one decreases by decreasing
µ
V BF/V H
ττ , while the second one increases. For the other mass combinations one finds correlated changes. The explanations are
given in Sect. V.
P 1 2 3 4 5 6
µ
V BF/V H
ττ 1 0.7 1 0.7 1 0.7
BR(H1 → hadrons) 0.308 0.234 0.246 0.401 1.842 5.839
BR(H1 → ee) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
BR(H1 → µµ) 0.033 0.033 0.033 0.033 0.031 0.025
BR(H1 → ττ) 9.315 9.325 9.301 9.244 8.872 7.010
BR(H1 → cc) 0.057 0.028 0.032 0.309 0.993 3.01
BR(H1 → bb) 90.277 90.375 90.382 90.007 81.848 65.278
BR(H1 →WW ) < 0.001 < 0.001 < 0.001 0.002 5.729 16.739
BR(H1 → ZZ) - - - - 0.588 1.720
BR(H1 → γγ) 0.010 0.006 0.007 0.004 0.056 0.241
BR(H1 → Zγ) - - - - 0.041 0.142
BR(H2 → hadrons) 5.785 4.066 5.779 8.662 5.623 5.600
BR(H2 → ee) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
BR(H2 → µµ) 0.024 0.016 0.024 0.018 0.024 0.024
BR(H2 → ττ) 6.651 4.650 6.660 5.202 6.708 6.718
BR(H2 → cc) 2.885 2.027 2.876 4.233 2.827 2.806
BR(H2 → bb) 61.752 43.177 61.827 48.973 62.252 62.334
BR(H2 →WW ) 20.259 14.243 20.212 29.091 19.973 19.931
BR(H2 → ZZ) 2.223 1.563 2.219 3.193 2.193 2.192
BR(H2 → γγ) 0.241 0.169 0.241 0.384 0.239 0.236
BR(H2 → Zγ) 0.162 0.114 0.162 0.244 0.160 0.159
BR(H2 → χ˜01χ˜01) 0.018 29.974 - - - -
